Three siblings presented in their second year of life with megaloblastic anemia that responded to parenteral cobalamin (Cbl). Schilling tests were <1%, correcting to 5 to 15% after addition of hog intrinsic factor (IF I57CoICbl was bound to the IF before these incubations. The stabilizing effects of neutralization and Cbl were also demonstrated in vivo. Schilling tests for the siblings of 0.4, 0.5, and 1.0% increased to 2.7, 5.7, and 4.3% (P < 0.05), respectively, when the Schilling tests were repeated with the addition of NaHCO3 and cobinamide (which allows Cbl to bind immediately to IF).
Introduction
A number of children have been reported (26) (27) . This IF had a normal molecular weight, bound Cbl normally, and appeared to be normally resistant to alteration by acid or proteolytic enzymes. Immunologic studies demonstrated that the abnormal IF contained at least one antigenic determinant that was not present on normal IF. The abnormal IF-Cbl complex had a 60-fold lower affinity for ileal receptors than did normal IF-Cbl. This markedly reduced, but not absent, affinity for ileal receptors correlated well with a markedly reduced, but not absent, ability to stimulate Cbl absorption in a subject with a total gastrectomy. It also correlated well with the fact that the patient did not develop signs of Cbl deficiency until age (4 ,Ci/nmol), Sepharose, Cbl-Sepharose (0.7 umol/ml), purified human IF, rabbit anti-human IF, rabbit anti-hog IF, hog pepsin, and hog trypsin were obtained and prepared as described elsewhere (26, 28) .
Basal and pentagastrin-stimulated gastric juice was collected on ice by nasal gastric suction and stored at -200C after neutralization to destroy pepsin. Cbl-binding ability was assayed in 0.1 M potassium phosphate,based on the amount of inhibition of Cbl-binding ability obtained with anti-IF blocking antibody obtained from the serum of a pernicious anemia patient. The amount of Cbl-binding ability due to R protein was based on the amount of inhibition of Cbl-binding ability observed with a 100-fold excess ofcobinamide. Serum was assayed for anti-IF blocking antibody and anti-IF binding antibody as described (29) . Anti-parietal cell antibodies were assayed by the indirect immunofluorescent method described by Roitt and Doniach (31) . Schilling tests were performed as described (32) using 0.2 nmol CN-[57Co]Cbl dissolved in 10 ml of 0.01 M potassium phosphate, pH 7.5, containing 0.14 M NaCl. Additional components, when given, consisted of nonradioactive cobinamide, 200 nmol, which was dissolved in the solution containing the [57Co]Cbl, and NaHCO3, 2.4 g, which was given 1 min before the radioactive Cbl. Preparation and calibration of columns of Sephadex G-1 50, fine grade, was performed as described previously (29) .
Gastric biopsies were obtained from patients in the basal state and after stimulation with pentagastrin (6 Mg/kg s.c.) using a suction biopsy tube, Quinton Instruments (Seattle, WA), that was positioned in the fundus by fluoroscopy. Gastric biopsies were obtained from normal young adults in the same manner, except that a hydraulic suction biopsy tube (Quinton Instruments) was employed. Biopsies were fixed, examined by light and electron microscopy, and examined for the immunocytochemical localization of IF, as described previously (33, 34 (27, 35 We further analyzed the various gastric juices by subjecting them to gel filtration, as shown in Fig. 3 . IF in normal neutralized gastric juice eluted with an apparent molecular weight of 70,000 based on radioimmunoassays employing both the anti-human IF and the anti-hog IF sera (Fig. 3 A) . With freshly neutralized gastric juice from patient A, essentially no IF was detected using the anti-human IF sera, while immunoreactive IF with an apparent molecular weight of -40,000 was detected using the antihog IF sera (Fig. 3 B) . Freshly neutralized gastric juice from the father of family I showed a normal elution pattern (Fig. 3 C) , while freshly neutralized gastric juice from the mother of family I gave a pattern (Fig. 3 D) indicating the presence ofboth normal IF and the small molecular weight IF recognized only by the anti-hog IF sera that was seen with patient A. With normal unneutralized gastric juice that had been incubated at 370C for 8 h in the presence of a saturating amount of Cbl, immunoreactive IF was detected with both antisera, although the molecular weight in both cases was -55,000, suggesting that some minor alterations ofthe IF had occurred (Fig. 3 E) . With normal unneutralized gastric juice that had been incubated at 370C for 8 h in the absence of Cbl, however, the IF appeared virtually identical to that observed with patient A: only small amounts of material were detected with the anti-human IF sera, while significant amounts of material with an apparent molecular weight of -40,000 were detected with the anti-hog IF sera (Fig.  3 F) .
To determine whether the patients' abnormal IF had lost the Cbl-binding site entirely, or ifit still retained all or a portion of the Cbl-binding site but with a markedly decreased affinity for Cbl, we studied the ability of normal IF and the abnormal IF to bind to Cbl-Sepharose. As shown in Table III Table II and Table IV ). These observations also supported the suggestion (see above) that the abnormal IF in family I was altered sometime between its synthesis and within minutes after its secretion in the gastric juice. The (Fig. 4 B) . Gastric biopsies obtained after pentagastrin stimulation demonstrated normal translocation of the IF on tubulovesicles to the canalicular surface membrane. As shown in Fig. 5 C, the IF present in the gastric biopsy of patient A appeared to bind Cbl normally and had a normal apparent molecular weight (66,000) when it was incubated with a twofold excess of[57Co]Cbl and subjected to gel filtration. The elution profile was indistinguishable from that observed with IF obtained with a gastric biopsy of a normal subject (Fig. 5 D) . This result differed from that obtained with IF from the gastric juice of patient A, since only a small peak of [57Co]Cbl was observed in the 66,000-mol-wt position with basal gastric juice (Fig. 5 A) and no [57Co]Cbl was observed in this position with stimulated gastric juice of patient A (Fig. 5 B) .
As shown in Fig. 6 This IF appears to be abnormal, however, in the gastric juice of these patients since it differs from normal IF in the following parameters: (a) a marked decrease (but not absent) affinity for Cbl; (b) an apparent molecular weight of 40,000 based on gel filtration; (c) a markedly decreased or absent ability to facilitate the binding ofCbl to ileal receptors; and (d) a markedly decreased or absent ability to react with rabbit anti-human IF sera in an RIA.
The defect in these patients is not due to an inability of parietal cells to secrete IF since the intracellular IF translocates normally to the canalicular surface and the patients' gastric juices contain IF that reacts with rabbit anti-hog IF sera in an RIA. The fact that the patients' IF has an apparent molecular weight of only 40,000 based on gel filtration and the RIA using antihog IF sera indicates that the patients' IF is partially degraded within minutes after being secreted into gastric juice. A similar phenomenon also appears to occur with normal IF in normal gastric juice, although hours rather than minutes are required for the partial degradation to occur.
These observations suggest that the IF present in the patients' parietal cells has an abnormal structure that renders it more Our studies thus support the concept that the three patients from family I inherited a gene for absent IF from their father and a gene for a structurally abnormal IF from their mother, who, together with a clinically unaffected sibling, appears to possess one gene for a structurally normal IF and one gene for the abnormal IF. The fact that the father, mother, and the unaffected sibling showed no signs of Cbl deficiency despite the fact that each could probably synthesize only 50% as much normal IF as normal subjects is not surprising, since normal subjects usually synthesize much larger amounts of IF than is required to absorb the amount of Cbl that is absorbed from the diet and bile each day (22, 23).
Our in vitro studies with gastric juice and gastric biopsies from various members of family I suggested that the instability of the abnormal IF could be partially corrected by avoiding acid pH and performing incubations in the presence of saturating amounts of Cbl. These observations suggested a new method for improving patients A-Cs' ability to absorb Cbl in Schilling tests. The new method involved the use of oral NaHCO3 to neutralize the patient's gastric juice and cobinamide, which blocks R protein, allowing the radioactive Cbl used in the Schilling test to become bound to the patient's IF immediately after the IF is secreted in the gastric juice (32) . These maneuvers increased the mean value of the Schilling test in the three patients from 0.6 to 4.2% (P < 0.05). They also illustrate how a more thorough understanding of the pathophysiology of a particular clinical entity can lead to new forms of therapy. In the present case, bicarbonate and cobinamide are not required for treatment, however, since all of the patients' symptoms can be corrected with monthly injections of Cbl. 
